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(54) Spot light-source device excited by electromagnetic energy

(57)  To provide a spot light-source device whose
discharge envelope has high pressure resistance and
that emits high brightness as a spot light source, a spot
light-source device excited by electromagnetic energy
has a lamp that with a discharge envelope made of
translucent nonconducting material, an expansion part
forming a discharge space, and a tube connected there-
to, and a discharge concentrator having a front tip part
which is supported by the tube without protruding from
the discharge envelope and faces the interior of the dis-
charge space of the expansion part, that intensifies con-

FIG. 3(a)

centration of the electric field in the discharge space and
that concentrates discharge, an electromagnetic energy
provision source that excites discharge in the discharge
concentrator from outside of the lamp, a concave reflec-
tion mirror that reflects light from the lamp, and a con-
tainer with a resonance window that creates electro-
magnetic energy resonance. The lamp and the concave
reflection mirror are housed with the container, and the
contain is constructed to prevent leakage of electromag-
netic energy from an aperture that emits light collected
light from the lamp and concave reflection mirror.
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Description
Background of the Invention
Field of Invention

[0001] The present invention concerns a spot light-
source device used in light-sources for liquid-crystal
projectors or optical fiber that use spot light-source dis-
charge lamps.

Description of Related Art

[0002] In recent years, liquid-crystal projectors have
come into extensive use as presentation tools at con-
ferences or expositions. Liquid-crystal pictures are pro-
jected onto screens via high brightness light sources,
but conventional high brightness light-sources for pro-
jection by liquid-crystal projectors have had a pair of
electrodes facing each other disposed within a dis-
charge envelope made of silica glass. Metal halide
lamps having prescribed luminous material sealed with-
in a glass bulb or ultra-high-voltage mercury lamps have
been used. Such lamps have been sealed by metal foil
seals or rod seals, and external lead members have pro-
truded from such lamps.

[0003] However, the demand for greater brightness of
projected pictures by liquid-crystal projectors has risen
in recent years. Accordingly, higher brightness has also
been demanded of light-sources used for projection.
[0004] In particular, ultra-high voltage mercury lamps
with high sealed pressure foil seals have become the
main light source. However, the high brightness that can
be attained by light sources is anticipated to reach a limit
in the near future since ultra-high voltage mercury lamps
sealed by foil seals have limits on the pressure which
the sealing sections can withstand.

[0005] On the other hand, electrode-free lamps that
lack foil seal units as substitute light-sources for projec-
tors have been considered in terms of withstand pres-
sure. An example is the microwave discharge lamp dis-
closed in the gazette of Japanese Kokai Publication Hei-
11-54091. However, such a discharge method is stable
tube-wall type discharge in which discharge is generat-
ed along the tube walls. The spot light source required
of projector light sources is not attained since discharge
occurs along the tube walls of a discharge envelope.
[0006] In addition, techniques using electrode-free
lamps without a foil seal unit as illumination devices are
disclosed in the gazettes of Japanese Kokai Publication
Hei-6-162807 and Japanese Kokai Publication Hei-
9-17216. However, the illumination devices stated in
both gazettes are electrode-free lamps. Discharge can-
not focus on the lamp center since these are stable tube-
wall type discharge lamps similar to those in the ga-
zettes. A spot light source, which is the requisite condi-
tion of high brightness discharge lamps, cannot be re-
alized unless the discharge envelopes themselves are
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miniaturized. Silica glass and alumina which that are
material comprising luminous tubes do not permit enve-
lope miniaturization because they can only withstand
temperatures under 1200° C.

Summary of the Invention

[0007] Thus, an object of the invention of this applica-
tion is to provide a spot light-source device for use in
the light source of liquid-crystal projectors that employs
lamps whose sealing sections can withstand high pres-
sure.

[0008] Another object of the invention of this applica-
tion is to provide a spot light-source device used as the
light source of liquid-crystal projectors that employ spot
light-source lamps that have high brightness emission.
[0009] A further object of the present invention is to
provide a spot light-source device used as the light
source for liquid-crystal projectors employing a high-
brightness lamp as the spot light source whose sealing
sections withstand high pressures.

[0010] To resolve the mentioned issues, the present
invention provides a spot light-source device excited by
electromagnetic energy which has a lamp that compris-
es a discharge envelope made of translucent non-con-
ducting material with an expansion part and a tube con-
nected thereto, and a discharge concentrator in which
the front tip part is supported by said tube without pro-
truding from the discharge envelope and faces the inte-
rior of the discharge space of said expansion part, that
intensifies concentration of the electric field in the dis-
charge space and that concentrates discharge, an elec-
tromagnetic energy provision source that excites dis-
charge in the discharge concentrator from outside of the
lamp, a concave reflection mirror that reflects light from
the lamp, and a container with a resonance window that
creates electromagnetic energy resonance within which
are housed the lamp and the concave reflection mirror,
that is sealed to prevent leakage of electromagnetic en-
ergy, and that has an aperture mounted that collects
light from the lamp and the concave reflection mirror.
[0011] The spot light-source device excited by elec-
tromagnetic energy has a cylindrical unit that protrudes
from the container with a resonance window at which
the aperture is formed, and a rod type integrator is dis-
posed within the cylindrical unit.

[0012] Furthermore, the invention also includes the
use of a plurality of integrator lenses installed within a
lattice reticulated frame at a the aperture. The spot light-
source device can be excited by electromagnetic energy
and can use a single discharge concentrator. Alterna-
tively, the spot light-source device excited by electro-
magnetic energy can be provided with two discharge
concentrators disposed facing each other, with the dis-
charge concentrator disposed on the bottom side of a
curved surface of the concave reflection mirror being
shorter than the other discharge concentrator.

[0013] The concave reflection mirror of the spot light-
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source device excited by electromagnetic energy can
be provided with a cooling means that cools the lamp,
and the lamp can be provided with a cover member to
prevent scattering at the aperture side of the concave
reflection mirror. Also, an auxiliary optical system having
the function of condensing or reflecting radiated light
from the lamp can be provided at the aperture side of
the concave reflection mirror of the lamp.

[0014] The spot light-source device excited by elec-
tromagnetic energy of the invention can be disposed
vertically with the concave reflection mirror having an
aperture at the bottom of its curved surface.

[0015] The spot light-source device of the invention
can also be provided with a means of matching the im-
pedance of electromagnetic energy within the container
with a resonance window. An insulation space can be
provided outside of lamp, and the concave reflection
mirror can be made of a dielectric material. Preferably,
the dielectric material has a dielectric loss at room tem-
perature of less than 0.1. A wavelength selection film is
advantageously formed on the inner surface of the con-
cave reflection mirror, which can be made of metal.
The spot light-source device excited by electromagnetic
energy of the invention can be provided with a plurality
of electromagnetic energy provision sources, and can
be also provided with a plurality of lamps within the con-
tainer with the resonance window. The electromagnetic
energy can be provided from the electromagnetic ener-
gy provision source(s) to the container with the reso-
nance window via a coaxial cable or via a waveguide.
[0016] When electric field energy is provided in the
spot light source device pursuant to the present inven-
tion, the spot light source facilitates lighting by concen-
trating the electric field within the discharge space at the
tip of the discharge concentrator during the start of dis-
charge, and by constricting discharge to the tip of the
concentrator during normal lighting. By maintaining the
discharge concentrator only within the discharge enve-
lope, the resistance to the gas pressure within the dis-
charge envelope during lighting is high due to the ab-
sence of sealing sections for current induction member,
such as an external lead as is found in conventional
lamps having electrodes, for the member to be able to
conduct current outside of the discharge envelope. Pic-
tures having high brightness and definition can be pro-
vided since the spot light-source device for liquid-crystal
projectors uses a lamp having such discharge concen-
trators. In addition, a device free from leakage of elec-
tromagnetic energy can be provided.

[0017] Further details, objects and advantages of the
spot light-source device according to the invention are
described in detail below with reference to the accom-
panying drawings.

Brief Description of the Drawings

[0018] Figure 1is a cross-sectional view of an embod-
iment of a lamp according to the invention.
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[0019] Figure 2is a cross-sectional view of an embod-
iment of the lamp in accordance with the present inven-
tion.

[0020] Figures 3(a)-(c) are cross-sectional views
showing respective embodiments of the spot light-
source device pursuant to the present invention, and
Figure 3(d) is a front view of the lens unit of the Figure
3(c) embodiment.

[0021] Figure 4 is a cross-sectional view of another
embodiment of the spot light-source device pursuant to
the present invention.

[0022] Figure 5is a cross-sectional view of still anoth-
er embodiment of the spot light-source device pursuant
to the present invention.

[0023] Figure 6 is a cross-sectional view of a further
embodiment of the spot light-source device pursuant to
the present invention.

[0024] Figure 7 is a cross-sectional view of yet anoth-
er embodiment of the spot light-source device pursuant
to the present invention.

[0025] Figure 8 is a cross-sectional view of another
embodiment of the spot light-source device pursuant to
the present invention.

[0026] Figure 9 is a cross-sectional view of still anoth-
er embodiment of the spot light-source device pursuant
to the present invention.

[0027] Figure 10 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention with a vertically oriented lamp.
[0028] Figure 11 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention with an impedance matching wall sec-
tion.

[0029] Figure 12 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention with a spatial adjustment mechanism.
[0030] Figure 13(a) & 13(b) are cross-sectional views
of embodiments of the spot light-source device pursuant
to the present invention with three impedance matching
stops and one impedance matching stop, respectively.
[0031] Figure 14 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention with an electromagnetic energy ab-
sorption tube.

[0032] Figures 15(a) & 15(b) are cross-sectional
views of embodiments of the spot light-source device
pursuant to the present invention with cooling means.
[0033] Figure 16 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention with an auxiliary ultraviolet light
source.

[0034] Figure 17(a)is across-sectional view of an em-
bodiment of an overlapping tube type spot light-source
device pursuant to the present invention, and Figures
17(b) & 17(c) are longitudinal and transverse cross-sec-
tional views, respectively, of the lamp tube of the device
shown in Figure 17(a), Fig. 17(c) being a view along line
I-l in Fig. 17(b).
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[0035] Figure 18 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention with an auxiliary high voltage source.
[0036] Figure 19 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention in which the reflection mirror functions
as the container with an aperture window.

[0037] Figure 20 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention with multiple electromagnetic energy
provision sources.

[0038] Figure 21 is a cross-sectional view of an em-
bodiment of the spot light-source device pursuant to the
present invention with multiple lamps.

[0039] Figure 22(a) & 22(b) are cross-sectional views
of embodiments of the spot light-source device pursuant
to the present invention using a coaxial cable and a
waveguide, respectively.

[0040] Figure 23 is a cross-sectional view of an em-
bodiment in which the concave reflection mirror is com-
bined with the spot light-source device pursuant to the
present invention.

[0041] Figure 24 is a cross-sectional view of an em-
bodiment of the lamp pursuant to the spot light-source
device of the present invention.

[0042] Figure 25 is a graph showing the condensing
efficiency at the aperture of the container with a reso-
nance window as a function of aperture diameter.
[0043] Figure 26 is a graph showing the condensing
efficiency at the aperture of the container with a reso-
nance window as a function of light source diameter.

Detailed Description of the Invention

[0044] The lamp of the spot light-source device pur-
suant to the present invention is explained first. Figure
1 shows an envelope 2 of the lamp 1 which is made of
a translucent non-conducting material. A prescribed
amount of rare gas, such as mercury, as the luminous
material, is sealed with a buffer gas within discharge
space 10. The discharge envelope 2 has length 2A and
tubes 2B are connected at ends thereof. Discharge con-
centrators 3 are retained within tubes 2B. Discharge
concentrators 3 provide electromagnetic energy, inten-
sify the concentration of the electric field within the dis-
charge space 10 during the start of discharge and con-
centrate discharge to provide a spot light source once
discharge reaches normal lighting. The concentrators 3
are disposed facing each other with their front tip parts
31 facing discharge space 10.

[0045] Material having a higher threshold tempera-
ture for use than the threshold temperature for use of
non-conducting material comprising discharge enve-
lope 2 is selected for discharge concentrators 3 because
it reaches a high temperature, and a dielectric can be
used since conducting material, such as metal, is un-
necessary. Metal corroding elements that could not be
used if discharge concentrators 3 were made of metal
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can be used as luminous material if dielectrics are used.
[0046] Discharge envelope 2 has no sealing sections
since discharge concentrators 3 are supported within
tube 2B and do not protrude from discharge envelope
2. Accordingly, it has a high pressure withstanding
strength with respect to gas pressure within discharge
envelope 2. For example, the operating pressure during
lighting of even a lamp having a high amount of mercury
sealed within, such as an ultra-high pressure mercury
lamp, can be higher than that of a conventional ultra-
high pressure mercury lamp having a foil seal structure.
[0047] Discharge that takes place in discharge space
11 can be concentrated between front tip parts 31 of dis-
charge concentrators 3 that are separated from the tube
walls since the distance separating two front tip parts 31
of discharge concentrators 3 facing each other is nar-
rower than the inner diameter of expansion part 2A of
discharge envelope 2.

[0048] A means of forcibly cooling the envelope has
been required in the past since discharge takes place
near the inner surface of the discharge envelope in elec-
trode-free lamps that light with electromagnetic energy
and since the tube walls of the discharge envelope
reach high temperatures, but discharge takes place
away from the tube walls in the lamp pursuant to the
present invention that uses a spot light-source device,
and the same degree of cooling as found in conventional
metal halide lamps and ultra-high pressure mercury
lamps that are sealed at both ends is not required.
[0049] Furthermore, a pair of discharge concentrators
3 facing each other within discharge space 11 is not es-
sential. Front tip part 31 of a single discharge concen-
trator 3 may be formed facing discharge space 11, as
shown in Figure 2. The principle is not established in
this case, but an electric field is surmised to be concen-
trated at the tip of the discharge concentrator, discharge
commences and when emission intensifies, the arc is
surmised to be constricted by the drive energy so that
the energy loss due to emission decreases. The utiliza-
tion efficiency of light can be improved as compared to
alamp having a pair of discharge concentrators through
use in conjunction with a concave reflection mirror.
[0050] A lamp capable of input of higher emission in-
tensity is possible since the temperature of the section
near the plasma can be raised by selecting material for
discharge concentrators 3 able to withstand a higher
threshold temperature for use than the threshold tem-
perature for use of non-conducting material comprising
discharge envelope 2.

[0051] As for the shape of discharge concentrator 3,
the pressure withstanding strength of tube 2B of dis-
charge envelope 2 can be raised still higher by reducing
the diameter of rear tip part 32.

[0052] Furthermore, a sealed structure between dis-
charge concentrators 3 and the inner walls of tube 2B
through thermal deformation of discharge envelope 2
can be realized by selecting non-conducting material
that comprises discharge envelope 2 as well as material
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having little leakage for discharge concentrators 3, and
that permits gap discharge to be inhibited which, in turn,
lowers the power loss.

[0053] Discharge envelope 2 can be easily shaped
and processed if it is made of silica glass. It can be
sealed with discharge concentrators 3 because of the
high heat resistance characteristics.

[0054] Discharge is concentrated at high pressure
and an ultra-high brightness spot light source whose
color approaches white can be realized when 6 MPa or
more of xenon gas is sealed within a discharge envelope
at 300 K (room temperature). Making front tip part 31 of
discharge concentrators 3 narrow would be an appro-
priate implementation mode. When front tip part 31 is
made narrow, the electric field concentrates at front tip
part 31 of discharge concentrators 3 when the lamp
commences and discharge is facilitated. In addition, the
loss of heat transmitted to discharge concentrators 3
during normal lighting can be reduced.

[0055] Furthermore, concentration of the electric field
at rear tip part 32 and power loss due to corona dis-
charge can be inhibited by curving rear tip part 32 of
discharge concentrators 3.

[0056] Discharge envelope 2 is capable of withstand-
ing high pressure when it is constructed of translucent
ceramic, such as alumina. For example, 50 to 100 MPa
can be enclosed if xenon is used as the luminous ma-
terial.

[0057] Discharge can be conducted and a high bright-
ness spot light source whose color approaches white
can be realized by incorporating 300 mg/cc or more of
mercury when mercury is used as the sealed luminous
material.

[0058] The spot light-source lamp pursuant to the
present invention using the lamp is explained next. Fig-
ures 3(a) to 3(c) are a series of views showing embod-
iments of the spot-light source device 100 pursuant to
the present invention. Lamp 1 is disposed within a con-
tainer having a resonance window 7 made of metal that
covers the electrode so as to approach the midway point
between front tip parts 31, 31 of discharge concentrator
3 at the first focal point of concave reflection mirror 5
made of dielectric. An electromagnetic energy provision
source 4 is disposed so as to provide electromagnetic
energy to the container having a resonance window 7.
[0059] The dielectric used in concave reflection mirror
5 has a dielectric loss at room temperature below 0.1.
That is because the loss increases due to self heating.
Furthermore, a wavelength selective film coats the inner
surface of the concave reflection mirror. This wave-
length selective film may be constructed of multiple film
layers that reflect only visible light, for example. This
wavelength selective film has the effect of preventing
deterioration due to ultraviolet rays as well as heating
due to infrared rays.

[0060] The tube 2B of lamp 1 is supported at the bot-
tom of concave reflection mirror 5. The concave reflec-
tion mirror 5 that holds lamp 1 is supported within the
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container with a resonance window, but that support has
been omitted from the figures for simplicity. The same
applies to the following figures.

[0061] In Figure 3(a), reference number 6 denotes an
aperture for capturing light. The second focal point of
concave reflection mirror 5 is located in or near the cent-
er of that aperture. Power is provided to discharge con-
centrator 3 within lamp 1 by the electromagnetic wave
resonance effect when electromagnetic energy is is-
sued from electromagnetic energy provision source 4,
and an electric field is concentrated by discharge con-
centrator 3 in discharge space 11 during the start of dis-
charge, thereby strengthening the electric field. Dis-
charge concentrates between the two front tip parts 31
of the discharge concentrators 3 to create a high-bright-
ness spot light source.

[0062] Aperture 6 has a diameter small enough to pre-
vent electromagnetic energy from leaking from the con-
tainer with resonance window 7. The electromagnetic
energy provided from the electromagnetic energy pro-
vision source 4 has a frequency band of 10 MHz to 500
MHz.

[0063] Figure 3(b) shows an embodiment of spot-light
source device 100 that is provided with a cylindrical unit
61 in the section of aperture 6 that captures light and a
rod type integrator 62 is disposed therein. In this em-
bodiment, electromagnetic energy does not leak from
container 7 with a resonance window because of cylin-
drical unit 61. Furthermore, the light from lamp 1 that is
concentrated at the aperture 6 is made homogeneous
so as to advance within rod type integrator 62.

[0064] Figure 3(c) shows an embodiment of the spot-
light source device 100 having a split integrator 63 com-
prising a plurality of integrator lenses disposed in a lat-
tice reticulated frame 64 in the section of aperture 6 for
capturing light. Figure 3(d) is a front view of split inte-
grator lens 63.

[0065] Virtually no light is lost in lattice reticulated
frame 64 in this embodiment since the section near the
frame that constitutes the connection of split integrator
lens 63 does not significantly contribute to transmission
of light.

[0066] In addition, the concave reflection mirror that
concentrates light may be a parabolic mirror rather than
an elliptical mirror. In this structure, a lens that focuses
light from the lamp that is reflected off a parabolic mirror
to form parallel light may be disposed in front of the par-
abolic mirror at the aperture of the container with a res-
onance window having a small-diameter hole.

[0067] Light can be emitted in the direction of light re-
lease of the concave reflection mirror without leakage
of electromagnetic energy by installing a mesh of lattice-
shaped conducting material at the aperture of the con-
tainer with a resonance window.

[0068] Figure 4 is ashows an embodiment of the spot-
light source device 100 that is provided with intake/dis-
charge ports 26, 26 that are covered by a reticular mem-
ber 9 that does not leak electromagnetic energy to the
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container 7 with a resonance window, wherein cooling
means 22 is provided at the outside of one aperture.
[0069] The lamp used in the spot light-source device
pursuant to the present invention differs from conven-
tional electrode-free lamps in that forcible cooling of the
discharge envelope walls is not required since dis-
charge is concentrated in the center of the discharge
envelope, but concave reflection mirror 5 can be cooled
by introducing cooling air within the container 7 with a
resonance window via a cooling means as in this em-
bodiment. Inexpensive material having a low heat re-
sistance temperature can be used as the material for
the concave reflection mirror as a result. Aperture 6 is
a hole whose diameter is small enough to prevent elec-
tromagnetic energy from leaking from the container 7
with a resonance window. The figures from Figure 4 on-
ward omit the wavelength selection film 25 that is shown
in Figure 3.

[0070] Figure 5 shows an embodiment of the spot-
light source device 100 in which an open front part 52
of the concave reflection mirror 5 is covered by a front
glass 12 and in which the gap between front glass 12
and lamp 1 is obstructed by adhesive 11.

[0071] The scattering of lamp material can be pre-
vented in this structure if lamp 1 should break. Aperture
6 is a hole whose diameter is small enough to prevent
electromagnetic energy from leaking from container 7
with a resonance window.

[0072] Figure 6 shows an embodiment of the spot-
light source device 100 just like the structure shown in
Figure 3(c), butin which the split integrator 63 is wedged
into front open part 52 of concave reflection mirror 5 as
is, the gap between open front part 52 of concave re-
flection mirror 5 and split integrator 63 being obstructed.
In this manner, the split integrator 63 also doubles as
the front glass 12 shown in Figure 5.

[0073] Figure 7 an embodiment of the spot-light
source device 100 in which a focusing lens 13, that cor-
responds to the front lens, is disposed in the open front
part 52 of concave reflection mirror 5.

[0074] The lenses of the spot light-source device em-
bodiments shown in Figures 6 & 7 function so as to pre-
vent the scattering of lamp material should the lamp
break. The aperture 6 in Figure 7 is a hole whose diam-
eter is small enough to prevent electromagnetic energy
from leaking from container 7 with a resonance window.
[0075] Figure 8 shows an embodiment of the lamp de-
vice 100 using a lamp with a single discharge concen-
trator. An auxiliary reflection mirror 14 is disposed for-
ward of the discharge envelope 2 on the open front side
of the concave reflection mirror 5. Auxiliary reflection
mirror 14 is spherical and is formed integrally with front
glass 12 or is held fixed to front glass 12 by adhesive
11. In this embodiment, the effective solid angle for cap-
turing light is great since only one tube is present in the
single discharge concentrator lamp, which increases
the optical power.

[0076] Since light that is released from the lamp itself
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toward the front open side of the concave reflection mir-
ror diffuses, light that is not used for diffusion is returned
to concave reflection mirror 5 as a result of installing
auxiliary reflection mirror 14, and it can be used as ef-
fective light. Aperture 6 is a hole whose diameter is small
enough to prevent electromagnetic energy from leaking
from container 7 with a resonance window.

[0077] Figure 9 shows an embodiment using a lamp
having a single discharge concentrator just like Figure
8, but in which the tube of the lamp is mounted vertically
and is fixed by adhesive to the overlying front glass 12.
Light issued from lamp 1 is condensed by concave re-
flection mirror 5, looped back by planar reflection mirror
15 and released outward of the container 7 with a res-
onance window through aperture 6. In addition, concave
reflection mirror 5 has no aperture in curved base plate
51. As a result, the condensing area of the reflection
mirror can be increased, and the reflected optical power
can be increased as compared to the case in which an
aperture is present at the base of the curved surface.
[0078] Furthermore, the high-temperature partcan be
situated near the tube during lamp lighting by disposing
the tube of the lamp toward the top, as indicated in the
figure, and attenuation of optical power due to a loss of
permeability of the discharge envelope is reduced. Ap-
erture 6 is a hole whose diameter is small enough to
prevent electromagnetic energy from leaking from con-
tainer 7 with a resonance window.

[0079] When using a lamp that has two discharge
concentrators, by placing the discharge concentrator 3a
on the side of curved base plate 51 of concave reflection
mirror 5 instead of the second discharge concentrator
3b, as shown in Figure 23, a structure without an aper-
ture in curved base plate 51 of concave reflection mirror
5 can be produced just like the structure shown in Figure
9 which uses one discharge concentrator. In this case,
the front glass 12 is bonded by adhesive 11 at tube 2B
that supports second discharge concentrator 3b in lamp
1.

[0080] Figure 10 shows an embodiment of the spot
light-source device 100 in which a lamp having two ver-
tically supported discharge concentrators is lit. The light
issued from lamp 1 is condensed by concave reflection
mirror 5 and is reflected back by planar mirror 15. It is
then released outward from container 7 with a reso-
nance window via aperture 6, which is a hole whose di-
ameter is small enough to prevent electromagnetic en-
ergy from leaking from container 7 with a resonance win-
dow.

[0081] Figures 11 to 13 show embodiments of spot
light-source device 100 with a means for selecting the
optimal electromagnetic energy matching conditions.
The matching conditions are altered by changing the
volume of the container with a resonance window
through moving impedance matching wall section 16
within container 7 with a resonance window in the direc-
tion denoted by the arrows in Figure 11. Lamp 1 is ad-
justed to the optimum position, specifically, impedance
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matching is carried out and light is released efficiently.
Aperture 6 is a hole whose diameter is small enough to
prevent electromagnetic energy from leaking from con-
tainer 7 with a resonance window.

[0082] Figure 12 shows an embodimentin which lamp
1 and concave reflection mirror 5 are both moved. The
spatial relationship between lamp 1 and the container 7
with a resonance window is altered by moving lamp 1
and concave reflection mirror 5 in the direction denoted
by the arrows and impedance matching is completed.
That enables light to be efficiently released through fo-
cusing lens 13. Aperture 6 is a hole whose diameter is
small enough to prevent electromagnetic energy from
leaking from container 7 with a resonance window.
[0083] Figures 13(a) & 13(b) show an embodiment in
which impedance matching is carried out using stops.
Impedance matching is carried out in these structures
by altering the length of protrusion of stops into the con-
tainer with a resonance window, thereby changing the
gap between the stops and the container with a reso-
nance window to permit efficient light release. Aperture
6 is a hole whose diameter is small enough to prevent
electromagnetic energy from leaking from container 7
with a resonance window.

[0084] Figure 14 shows an embodiment of the spot
light-source device 100 in which a circulator 19 is used
to eliminate the return of electromagnetic energy to elec-
tromagnetic energy provision source 4 in order to pro-
tect the electromagnetic energy provision source 4.
[0085] In this example, electromagnetic energy oscil-
lated from electromagnetic energy provision source 4
reaches lamp 1 via path (A), whereupon lamp 1 fires as
a high-brightness spot light source between two dis-
charge concentrators. Then, electromagnetic energy re-
flected off the concave reflection mirror, the lamp and
the inner walls of the container with a resonance window
returns toward electromagnetic energy provision source
4 via path (B). The returning electromagnetic energy is
deflected in direction (C) into the electromagnetic ener-
gy absorption tube 21 by the circulator 19 and advances
in that direction. The energy is absorbed within electro-
magnetic energy absorption tube 21. Cone-shaped
members that are not illustrated are disposed within the
electromagnetic energy absorption tube 21. Reference
number 20 denotes a discharge lamp. In this implemen-
tation mode, aperture 6 is a hole whose diameter is
small enough to prevent electromagnetic energy from
leaking from container 7 with a resonance window.
[0086] Figures 15 (a) & 15(b) show embodiments of
the spot light-source device 100 that have cooling
means 22 about the lamp. Cooling means 22 forms a
vacuum, and is formed by sealing the lamp 1 within con-
cave reflection mirror 5 by joining the front glass 12 to
the front of the of the reflection mirror 5 and entending
the bottom of concave reflection mirror 5 around the dis-
charge concentrator 3 which extends rearwardly
through the reflection surface of mirror 5, in Figure 15(a).
[0087] The cooling means 22 in Figure 15(b) is formed

10

15

20

25

30

35

40

45

50

55

by sealing and disposing the lamp 1 and concave reflec-
tion mirror 5 within an insulation space formation unit
27. In this embodiment as well, aperture 6 is a hole
whose diameter is small enough to prevent electromag-
netic energy from leaking from container 7 with a reso-
nance window. The heat loss is slight in the implemen-
tation mode shown in Figures 15(a) & 15(b) and an ef-
ficient lamp can be completed by lighting the lamp in a
vacuum.

[0088] Figure 16 shows an embodiment of the spot
light-source device 100 that has a spot-light auxiliary ul-
traviolet light source 23a. An electrode-free, low-pres-
sure lamp is provided as the spot-light auxiliary ultravi-
olet light source 23a in Figure 16. Spot-light auxiliary
ultraviolet light source 23a is started by electromagnetic
energy, ultraviolet light is released, and good starting
pressure are realized by the fact that lamp receives the
ultraviolet light. Aperture 6 is a hole whose diameter is
small enough to prevent electromagnetic energy from
leaking from container 7 with a resonance window.
[0089] Figures 17(b) & 17(c) show a so-called over-
lapping type lamp tube. Lamp 1 is disposed within an
outer tube G, and rare gas is sealed in the space K that
is formed between outer tube G and the outer walls of
the discharge envelope of lamp 1, as shown in Figure
17(b). An electrode-free, low-pressure discharge lamp
(spot-light auxiliary ultraviolet light source 23a) is pro-
vided about the periphery of lamp 1 as the starting im-
provement means 23. In this case as well, spot-light
auxiliary ultraviolet light source 23a is started by elec-
tromagnetic energy, just like the mode shown in Figure
16, ultraviolet light is released, and the starting proper-
ties are improved by having lamp 1 receive the ultravi-
olet light.

[0090] Figure 18 shows the disposition of spot-light
auxiliary high voltage source 23b near the tube of lamp
1 as the starting improvement means 23. The starting
properties are enhanced by applying high voltage.
[0091] Inboth Figures 17 & 18, the aperture 6 is a hole
whose diameter is small enough to prevent electromag-
netic energy from leaking from container 7 with a reso-
nance window.

[0092] Figure 19 shows an embodiment of the spot
light-source device 100 utilizing a metal reflection mirror
as concave reflection mirror 5 in which reflection mirror
5 functions as the container 7 with a resonance window.
The reflection mirror can form part of the container with
a resonance window when a metal reflection mirror is
used, and that simplifies the structure of a spot light-
source device.

[0093] Figure 20 shows one example of an embodi-
ment of the spot light-source device 100 in which a plu-
rality of electromagnetic energy provision sources 4 are
provided. In the diagram, the spot light-source device is
provided with two electromagnetic energy provision
sources 4. Electromagnetic energy can be overlapped,
permitting lighting of a high output lamp utilizing inex-
pensive electromagnetic energy provision sources.
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[0094] Figure 21 shows an embodiment of the spot
light-source device 100 in which a plurality of lamps are
provided. In the figure, the sealed material is altered for
controlling the emitted wavelength via first lamp la, sec-
ond lamp 1b and third lamp 1c so that R (red), G (green),
B (blue) light is captured from the respective lamps, and
a well-balanced RGB color can be realized by altering
the resonance status of each lamp. The brightness of
light irradiated from the spot light-source device can be
made uniform at the irradiated surface by using a plu-
rality of lamps. In this embodiment, aperture 6 is a hole
whose diameter is small enough to prevent electromag-
netic energy from leaking from container 7 with a reso-
nance window.

[0095] Figure 22(a) shows an embodiment of the spot
light-source device 100 that uses coaxial cable 41. Fig-
ure 22(b) shows an embodiment of the spot light-source
device 100 that uses a waveguide 43.

[0096] The use of coaxial cable 41 and waveguide 43
permits lighting of lamp 1 by electromagnetic energy
provision source 4 even if they are separated. The front
tip part 42 of the coaxial cable 41 is exposed in container
7 in Figure 22 (a). In the embodiments of Figures 22(a)
& 22(b), the aperture 6 is a hole whose diameter is small
enough to prevent electromagnetic energy from leaking
from container 7 with a resonance window.

Examples:

[0097] A concrete example of the spot light-source
device 100 shown in Figure 3 is explained using Figures
1&3.

[0098] A Lamp 1 comprising a discharge envelope 2
made of silica glass was disposed within a container 7
with a resonance window that provides an electromag-
netic shield. Electromagnetic energy provision source 4
was disposed so as to provide electromagnetic energy
to the container 7. The lamp power was 200 W. The dis-
charge envelope 2 was 2.5 mm thick, with a12 mm outer
diameter of expansion part 2A. Discharge concentrators
3 were made of tungsten. The diameter of the thick part
within the tube was 2 mm, and the distance separating
the tips 1.5 mm.

[0099] A thin rhenium film that has less wetting prop-
erties than silica glass was used to cover the surface of
discharge concentrator 3 that is present within the tube
outside of the section thatis exposed to discharge space
10. The condensing concave reflection mirror 5 was
made of glass and ceramic which are dielectric materi-
als. A wavelength selection film 25 comprising a multi-
layered dielectric film of titania (TiO,) and silica (SiO,)
was formed on the surface for reflecting visible light.
[0100] The sealed material within discharge envelope
2 was Ar 13 kPa, mercury 300 mg/cc. The frequency of
the electromagnetic energy source is 2.45 GHz. The fre-
quency of the electromagnetic energy source that was
used is in the range of 100 MHz to 50 GHz. Container
7 with a resonance window was made of metal, such as
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aluminum, copper or brass.

[0101] When spot light-source device 100 having the
structure shown in Figure 3 was manufactured pursuant
to the specifications, and disposed so that the first focal
point of concave reflection mirror 5 was located between
the tips of discharge concentrators 3, and a 2.45 GHz
frequency applied, lighting occurred as a bright white
spot light source between the tips of discharge concen-
trators 3. The light that reflected off concave reflection
mirror 5 was released from aperture 6 that is located
near the second focal point of the concave reflection mir-
ror.

[0102] Figure 25 shows the proportion of condensing
(condensing efficiency) of the total luminous flux of the
bright spot light source at aperture 6 that developed be-
tween the tips of the discharge concentrators. Figure 26
shows the proportion of condensing (condensing effi-
ciency) of the total luminous flux at aperture 6. About
60% of the total luminous flux of the lamp could be con-
densed at aperture 6 that was located at the second fo-
cal point when the diameter of aperture 6 of container 7
with a resonance window was 5 mm in the embodiment
in which the separation between the tips of the dis-
charge concentrator was 1.5 mm (approximate size of
the light source = light source diameter), as shown in
Figure 25. Furthermore, 70% of the total luminous flux
of the lamp could be condensed at aperture 6 which was
located at the second focal point by setting the diameter
of aperture 6 at 6 mm.

[0103] Figure 26 shows the proportion of condensing
(condensing efficiency) of the total luminous flux at ap-
erture 6 of 5 mm diameter of container 7 with a reso-
nance window derived from light sources that have dif-
ferent diameters.

[0104] The size of the light source (light source diam-
eter) in a conventional electrode-free lamp is the inner
diameter of the discharge envelope. Only 15% of the
total luminous flux of the lamp can be condensed at ap-
erture 6 that is located at the second focal point when
the inner diameter is set at 6 mm (light source diameter)
and the diameter of aperture 6 of container 7 with a res-
onance window is set at 5 mm, as shown in Figure 26.
A spot light source cannot be developed unless the dis-
charge envelope itself is miniaturized to increase this
condensing rate. Miniaturization of the envelope is im-
possible since the silica glass or alumina comprising the
luminous tube have a heat resistant temperature under
1200° C. In the present invention, the light source diam-
eter can be reduced to 1.5 mm and 60% of the total lu-
minous flux of the lamp can be condensed at aperture
6 that is located at the second focal point.

[0105] Such deficiencies as darkening of the tube
walls of the discharge envelope and breakage of the dis-
charge envelope following lighting did not occur. The
pressure within the discharge envelope during dis-
charge is expected to exceed 30 MPa since 300 mg/cc
of mercury are sealed within and since 13 kPa of rare
gas are sealed as buffer gas. The pressure resistance
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of the discharge envelope 2 is concluded to increase
compared to a conventional ultra-high pressure mercury
lamp provided with electrodes and a foil seal.

[0106] Electrode-free low-pressure discharge lamp
23a mounted about the periphery of lamp 1 shown in
Figures 16 & 17 should have rare gas (argon) sealed
within the discharge envelope made of (silica glass) and
the sealing pressure should be (1.3 kPa).

[0107] Theindividual lampsla, 1b, 1c to fortify the red,
green, blue comprising discharge envelope 2 of silica
glass shown in Figure 21 are disposed within container
7 with aresonance window that provides an electromag-
netic shield. The lamp power is 100 W, the discharge
envelope is 2.5 mm thick, and the 10 mm outer diameter
of the expansion part is made of silica glass. Discharge
concentrators 3 are made of tungsten, the inner diame-
ter of the thick part within the tube is 0.4 mm, and the
separation between the tips is 1.2 mm.

A thin rhenium film that has less wetting properties than
silica glass is used to cover the surface of discharge
concentrator 3 that is present within the tube outside of
the section that is exposed to discharge space 10. Ref-
erence number 5 denotes a condensing concave reflec-
tion mirror made of glass and ceramic which are dielec-
tric materials. Wavelength selection film 25 comprising
a multi-layered dielectric film of titania (TiO,) and silica
(SiO,) is formed on the surface. This film has the func-
tion of reflecting visible light. Aperture 6 is a hole whose
diameteris small enough to prevent electromagnetic en-
ergy from leaking.

[0108] The sealed material within discharge envelope
2 is Ar 13 kPa, mercury 100 mg/cc, 0.5 mg of lithium
iodide in the lamp to fortify red, 0.2 mg of titanium iodide
to fortify green, and 0.3 mg of indium iodide to fortify
blue. The frequency of the electromagnetic energy
source is 2.45 GHz. The frequency of the electromag-
netic energy source that is used is in the range of 100
MHz to 50 GHz. Container 7 with a resonance window
is made of metal such as aluminum, copper or brass.
[0109] When spot light-source device 100 having the
structure shown in Figure 21 was manufactured pursu-
ant to the specifications, was disposed so that the first
focal point of the concave reflection mirror was located
between the tips of the discharge concentrators, and
2.45 GHz frequency was applied, lighting was produced
as a bright spot light source having fortified R, G, B near
the tips of the discharge concentrators. The light reflect-
ed off of the concave reflection mirror 5 was released
from aperture 6 that was located near the second focal
point of the concave reflection mirror.

[0110] The spot light-source device pursuant to the
present invention utilizes discharge due to electromag-
netic energy resonance, and discharge concentrators 3
functions as a reception member. Thus, the pressure re-
sistance reliability of tube 2B can be increased by in-
stalling a reception member 24 that is separate from dis-
charge concentrators 3 outside of discharge envelope
2 as shown in Figure 24. That also enables the heat loss
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due to the discharge concentrator to be reduced. The
overlapping width of discharge concentrators 3 and re-
ception member 24 in the tube axial direction (L of Fig-
ure 24) can be reduced enough to pose no problems
since the frequency is high. Discharge concentrators 3
and reception member 24 can be linked by electrostatic
capacity.

[0111] The brightness is high and vivid pictures can
be provided since the spot light-source device pursuant
to the present invention common to each embodiment
is a spot light source device for liquid-crystal projectors,
etc., that use lamps having discharge concentrators.
Furthermore, a device free from electromagnetic energy
leakage can be provided.

[0112] The spot light-source device pursuant to the
present invention can be also be used as an ultraviolet
curing device that use optical fibers.

Effects of Invention

[0113] As explained above, in the spot light-source
device pursuant to the present invention, the discharge
concentrator concentrates the electric field within the
discharge space when discharge commences and dis-
charge becomes a spot light source when normal light-
ing is reached. The discharge concentrator is supported
only within the discharge envelope so that there are no
sealing sections outside of the discharge envelope of
the member for current induction, such as an external
lead as is found in conventional lamps having elec-
trodes. As a result, the pressure withstanding strength
to gas pressure within the discharge envelope during
discharge is high. Discharge is concentrated at the tip
of the discharge concentrator to permit a bright spot light
source since the discharge concentrator within the lamp
is structured so as to face the discharge space. A spot
light-source device that can be adequately used as a
bright spot light-source device can be provided.

[0114] A cylindrical unit that protrudes outward of the
container with a resonance window is formed at the ap-
erture of the container with a resonance window. When
arod-shaped integrator is disposed within the cylindrical
unit, a spot light-source device can be provided that
eliminates leakage of electromagnetic energy, that per-
mits highly uniform light to be realized, and that can be
adequately used as a bright spot light source device.
[0115] Furthermore, light can be captured outside of
the container with a resonance window without loss of
light at the lattice reticulated frame when a plurality of
integrator lenses are installed within a lattice reticulated
frame at the aperture of the container with a resonance
window.

[0116] When a lamp is structured using a single dis-
charge concentrator, the utilization efficiency of light is
improved compared to a spot light-source device using
a pair of discharge concentrators.

[0117] Furthermore, a concave reflection mirror with-
out any aperture at the curved surface of the concave
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reflection mirror can be used and the utilization efficien-
cy of light can be improved by disposing two discharge
concentrator facing each other and by setting the dis-
charge concentrator disposed on the side of the bottom
of the curved surface of the concave reflection mirror
shorter than the other discharge concentrator.

[0118] A spot light-source device having still higher
input can be realized by providing a cooling means that
cools the lamp and the concave reflection mirror.
[0119] Furthermore, a safe spot light-source device
which prevents the scattering of lamp material should
the discharge envelope break can be obtained by pro-
viding a covering member to prevent scattering of con-
stituents of the lamp on the front aperture side of the
concave reflection mirror.

[0120] The utilization efficiency of light can be en-
hanced further by providing an auxiliary optical system
having the function of condensing or reflecting light re-
leased from the lamp on the side of the aperture at the
front of the concave reflection mirror of the lamp.
[0121] Furthermore, the high-temperature part can be
set closer to the tube during lamp lighting by disposing
the lamp vertically, and that permits attenuation of the
optical power due to a loss of permeability of the dis-
charge envelope to be reduced.

[0122] The lamp can be lit under optimum matching
conditions by providing a means of impedance matching
of electromagnetic energy within the container with a
resonance window.

[0123] A lamp having better efficiency with reduced
heat loss from the lamp can be provided by completing
a structure with an insulation space on the outside of the
lamp.

[0124] Furthermore, lamp lighting can be facilitated by
providing a means of improving the lamp starting prop-
erties within the container with a resonance window.
[0125] Electromagnetic energy matching conditions
can be easily attained by making the concave reflection
mirror of a dielectric material.

[0126] The loss due to self-heating can be reduced by
making the concave reflection mirror from dielectric ma-
terial whose dielectric loss at room temperature is under
0.1.

[0127] Furthermore, heating due to deterioration
brought about by ultraviolet rays or infrared light can be
prevented by forming a wavelength selection film on the
inside of the concave reflection mirror.

[0128] A spot light-source device can be easily pro-
duced by having the reflecting mirror form part of the
container with a resonance window when the concave
reflection mirror is made of metal.

[0129] Furthermore, inexpensive electromagnetic en-
ergy provision source can be used when a plurality of
electromagnetic energy provision sources are used as
the means of providing electromagnetic energy, and an
extremely economical spot light-source device can be
provided.

[0130] The emission colors of each lamp can be al-
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tered by providing a plurality of lamps within a container
with a resonance window, balanced colors can be at-
tained by altering the resonance state of each lamp, and
the brightness can be made uniform on the irradiation
surface of light irradiated from the spot light-source de-
vice.

Claims

1. A spot light-source device excited by electromag-
netic energy comprising

a lamp having a discharge envelope made of a
translucent non-conducting material with an ex-
pansion part enclosing a discharge space, and
a tube connected to the expansion part;

a discharge concentrator having a front tip part
supported by said tube without protruding from
said discharge envelope and facing into the dis-
charge space of said expansion part, said dis-
charge concentrator being constructed to inten-
sify concentration of an electric field in the dis-
charge space and to concentrate discharge;
an electromagnetic energy provision source
that excites discharge in said discharge con-
centrator, said electromagnetic energy provi-
sion source being located outside of said lamp;
a concave reflection mirror arranged for reflect-
ing light emitted from said lamp; and

a container with a resonance window that cre-
ates electromagnetic energy resonance;
wherein said lamp and said concave reflection
mirror are housed within said container; and
wherein said container is constructed to pre-
vent leakage of electromagnetic energy and
has an aperture for collecting and emitting light
from said lamp and concave reflection mirror.

2. The spotlight-source device excited by electromag-
netic energy of Claim 1, in which a cylindrical unit
protrudes from said container at said aperture, and
wherein a rod-like integrator is disposed within said
cylindrical unit.

3. Thespotlight-source device excited by electromag-
netic energy of Claim 1 or 2, in which a plurality of
integrator lenses are installed within a lattice retic-
ulated frame at said aperture.

4. The spotlight-source device excited by electromag-
netic energy of any one of Claims 1 to 3, in which
the discharge concentrator totals one.

5. The spotlight-source device excited by electromag-
netic energy of any one of Claims 1 to 3, said dis-
charge concentrator is one of two discharge con-
centrators that are disposed facing each other, and
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wherein one of said two discharge concentrators is
disposed at a bottom of a curved surface of the con-
cave reflection mirror and is shorter than the other
said two discharge concentrators.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 5, further
comprising a cooling means for cooling said lamp
and said concave reflection mirror.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 6, further
comprising a cover member on an aperture side of
said concave reflection mirror to prevent scattering
of constituent members of the lamp in case of
breakage thereof.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 7, further
comprising an auxiliary optical system for condens-
ing or reflecting radiated light from said lamp at an
aperture side of said concave reflection mirror.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 8, in which
said lamp is disposed vertically.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 9, wherein
an aperture is provided at a bottom of a curved sur-
face of said reflection mirror.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 10, further
comprising means for matching the impedance of
electromagnetic energy within the container.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 11, further
comprising an insulation space outside of said
lamp.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 12, further
comprising means within said container for improv-
ing starting of said lamp.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 13, in which
said concave reflection mirror is made of dielectric
material, preferably of a dielectric material having
dielectric loss at room temperature that is less than
0.1.

The spot light-source device excited by electromag-
netic energy of Claim 14 in which a wavelength se-
lection film is formed on an inner surface of said
concave reflection mirror.
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The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 16, in which
said concave reflection mirror is made of metal.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 16, electro-
magnetic energy provision source comprises a plu-
rality of electromagnetic energy provision sources.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 17, in which
a coaxial cable or a waveguide is provided for de-
livering electromagnetic energy from said electro-
magnetic energy provision source to said container.

The spot light-source device excited by electromag-
netic energy of any one of Claims 1 to 18, additional
lamps are provided within said container.
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